Abstract. The present study aimed to investigate the proteomic difference between melanosis coli (MC) alone and melanosis coli with colon cancer (MCCC). Protein expression in patients with different diseases was analyzed using two-dimensional gel electrophoresis and matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF/ TOF-MS). A total of 14 protein differences with a confidence level of >95% were found. There were six differences between MC and normal tissues, in which two proteins exhibited upregulated expression levels and four proteins exhibited downregulated expression levels in MC. Furthermore, one protein was expressed only in MC (P<0.05). In addition, there were differences in the expression of eight proteins between MC and MCCC tissues, in which one protein had an upregulated expression in MC tissues and seven proteins had an upregulated expression in MCCC tissues. Furthermore, two proteins were only expressed in MCCC tissues (P<0.05). Eight proteins were identified using mass spectrometry and database search. In conclusion, comparative proteomics accurately displayed the expression differences in eight proteins between MC, MCCC and normal colon tissues.
Introduction
Colon melanosis coli (MC) refers to colonic mucosa pigmentation lesions, in which macrophages in the colonic lamina propria contain lipofuscin-like substances that are rare in non-inflammatory diseases (1) (2) (3) . At present, most studies have focused on the risk factors of MC (4), or the relationship between MC and proliferative diseases such as colorectal adenoma and colon cancer.
The relationship between MC and tumors is one issue that has received increased research attention. In a retrospective study on 14 study reports, Sonnenberg et al (5) proposed that the administration of anthraquinone and glycosides was associated with a higher incidence of colorectal cancer, compared with other laxatives; and the difference was statistically significant. However, Zhang et al (6) provided a different conclusion through a prospective study. Various scholars have found through the application of gene chip technology that the expression of protein metallopanstimulin-1 (MPS-1) in colonic MC tissues is 3.9 times higher than that of normal colon tissues, and thioredoxin expression was increased by 3.4 times; which indicates that MC may be associated with the occurrence of colon cancer (7, 8) . A study conducted by Wang et al (9) on the expression of the Hedgehog (Hh) signaling pathway suggested that MC may be associated with colon cancer from one side. Although a variety of clinical studies on the relationship between MC and colon cancer have been carried out domestically and internationally, these results remain inconsistent. In recent years, comparative proteomics has achieved rapid development, and has been widely used in cancer research. Thus, a branch of 'cancer proteomics', has been formed which provides more opportunities or concepts for the diagnosis of tumors (10) . The maturation of proteomic technology and its extensive application in various fields provide favorable conditions for the use of comparative proteomics in research concerning the relationship between MC and colon cancer. In the present study, protein expression in MC tissues and its biological function were investigated at the proteomic level. Related protein molecules were identified, which provide favorable conditions for the development of the biological study of MC.
Materials and methods

General information.
A total of 45 subjects who received medical service at our hospital from January 2013 to June 2014 were enrolled in the present study. Among these patients, 15 patients were diagnosed with MC, 15 patients were diagnosed with melanosis coli with colon cancer (MCCC), and the Inclusion criteria included black, brown or dark gray colonic mucosa under colonoscopy; yellow or pink edges and early pathological tissues that presented tiger skin or snakeskin stripes; were penang section-or patch-shaped. under microscopy, infiltration of large mononuclear cells containing a great amount of melanin and melanin pigmentation could be observed in the lamina propria of colon mucosa, while other layers of the intestinal wall were normal. From normal subjects, colon tissues without MC, MCCC, polyps and inflammatory or non-inflammatory bowel diseases were obtained. Colon tissue samples were confirmed by a pathologist as MC, MCCC or normal colon tissues. Exclusion criteria included patients with other bowel diseases, patients who underwent treatment, patients who could not tolerate an endoscopic examination and patients with diseases that influence protein metabolism.
Consent was provided by the subjects for the acquisition of the experimental samples, and the study protocol was approved by the ethics Committee of Henan university of Science and Technology.
Therapeutic methods Preparation of colon tissue samples.
Approximately 0.1 g of sample was obtained and placed in a pre-frozen PBS solution at 4˚C for processing. After the separation of other tissues, the sample was dried by filter paper. After the addition of reagents, the sample was placed in an ice bath, underwent cell disruption using an ultrasonic cell crusher, and was quantitatively analyzed.
Quantitation of protein samples. Protein concentrations in the tissue samples were determined by Bradford protein assay. Protein concentration was 6.03 g/l in the colon cancer tissue, 6.65 g/l in the MC tissue and 2.90 g/l in the normal colon tissue.
Two-dimensional gel electrophoresis. The first dimension included immobilized pH gradient isoelectric focusing [IPg-IeF (pH3-10nL)] for electrophoresis as follows. i) The prepared protein samples were preserved in a refrigerator at -80˚C. ii) Re-swelling solution was added to the groove of the re-swelling tray, in which the surface was covered with an oily DryStrip cover fluid to prevent moisture from evaporating and affect the IeF (pH3-10nL). Then, the sample was maintained overnight (12-16 h at room temperature). iii) Isoelectric focusing electrophoresis was carried out.
The second dimension consisted of vertical plate sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAge) (Table I): i) SDS polyacrylamide gel with T=13% was prepared. ii) Gel strip equilibration. iii) Vertical plate SDS-PAge (Table II) .
Dyeing and preservation of SDS polyacrylamide gel. This stage consisted of i) Coomassie brilliant blue staining and ii) preservation of the SDS polyacrylamide gel. The gel, which displayed the protein spots after staining, was placed in 7% glacial acetic acid; and image scanning was immediately performed. If the protein spots were not intended to be extracted, the gel would be prepared into a dry strip for longterm preservation.
Image contrast. For disparate spots acquired by contrast of two-dimensional gel electrophoresis, the uMAX image scanner III (setting, optical resolution at 300 dpi, pixel standard at 16 bits and white light scanning was selected) was used for image acquisition. Image save mode was set as a 16-bit TIF. Then, images were analyzed using ImageMaster 7.0. With an AnOVA value of <0.05 and multiple proportions >1.5, ImageMaster 7.0 was used for image contrast. The spot parameter 'smooth' was set at 3, 'Min area' was set at 65, and 'salience' was set at 250. The image analysis process included the detection, quantification and matching of protein spots.
Analysis software SPSS 19.0 was used for data processing. The two groups of gels were compared by t-test, and P<0.05 was considered statistically significant. Spots with multiple proportions >1.5 times (that is, the difference in expression Table I . Parameter settings for the IeF program.
Step Voltage (V) Time (h/Vh) Mode S1 500 0.1
Step-on-hold S2 40 6
Step-on-hold S3 500 1
Step-on-hold S4 1,000  2  gradient  S5  3,000  2  Gradient  S6  5,000  2  Gradient  S7  10,000  3  Gradient  S8 10,000 63,200
Step-on-hold S9 500 10
Step-on-hold
When IeF was over, the strip was taken out and then all DryStrip cover fluid was absorbed with filter paper. Consequently, the second dimension, vertical plate sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAge) was conducted (if not timely, the strip was kept at -80˚C). IeF, isoelectric focusing. amount was >1.5 times) were selected as protein spots that were sought for in this experiment, and as candidate protein spots for the subsequent mass spectrometry identification.
Mass spectrogram acquisition and analysis.
Approximately 0.5-1 µl of sample was obtained, target-dripped and dried. Dripping of the matrix (HCCA; 2.5 mg/ml) was repeated 2-3 times (0.3-0.4 µl at a time). After drying, these were used for shooting on the machine. Mass spectrometer was ABI MALDI TOF 4800 (Applied Biosystems, Inc., Foster City, CA, uSA); mass spectrum scanning mode, reflection; scan range, 900-4,000 Da; laser energy, MS4200 and MSMS4800.
In each first order mass spectrum, 10 parent ions were selected for the secondary mass spectrum. Search in the nCBI gene sequence database was performed using the software, Mascot (P<0.05).
Preliminary experimental results. First, MC and MCCC samples were obtained for the preliminary experiment, in accordance with the above operations; in order to test the feasibility of the operation (Fig. 1) .
Results
Repeatability analysis of two-dimensional gel electrophoresis figure.
The three images of the two-dimension electrophoresis gel of the same sample were compared using the gel image contrast software, ImageMaster 7.0. This was performed to test the repeatability of the experiment. The three gel images in each group appeared to be basically similar. Each image had a clear separation between the spots, and the matching rate was >80%. These findings indicate that the position of each protein spot on the gel images had good reproducibility. Therefore, gel image analysis could give the relative protein content of each protein band; and the results of the image analyses were also relative reliable.
Contrast analysis of two-dimensional gel electrophoresis figure
Image analysis. This process included the detection of protein spots, quantification of protein spots, removal of the background, and protein spot matching. Before the automatic detection of protein spots, parameters were first set; and the largest, weakest and smallest protein spots were determined. After the automatic detection of protein spots, each protein spot was assigned to a specific SSP code. Then, these protein spots were edited, and some impurities were removed from the protein spots. In comparing between MC and MCCC, one piece of two-dimensional electrophoresis gel with a clear image was assigned as a reference; and the image synthesized from a few pieces of gel was also assigned as a reference. The same method was used to compare the MC and normal tissues. In addition, some corresponding matching spots were set-up, and these matching spots were automatically used to match other protein spots. Protein spots that could not be matched with the spots in the reference gel were automatically added to the reference gel. The sum of the intensity values of all pixels that constitute a protein spot was defined as the amount of the protein spot. The amount of each protein spot was expressed in percentage (% vol); that is, the percentage of one single protein spot accounting for the sum of the total protein spots in the gel. Two groups of gel were compared and analyzed using SPSS 19.0 software. These spots with multiple proportions >1.5 times (that is, the difference of the expression amount was >1.5 times) were selected as protein spots that were sought for in this experiment, and as a candidate protein spot for the subsequent mass spectrometry identification.
Analysis and comparison of the results.
i) The average protein spot number of the sample gels of MCCC, MC and normal tissues were 2,150±240, 1,970±138 and 2,028±176, respectively. In comparison, among the nine pieces of gel images, a total of 14 differentially expressed protein spots with a confidence level of >95% were found. ii) Comparison between the MC and normal tissues was carried out. a) There were six differently expressed protein spots (Fig. 2) . Among these, five spots existed in both gel images of the MC and normal tissues; and the number of spots that were expressed only in MC was one, namely spot 1783 (P<0.05). b) Spot 602, 647, 817 and 820 revealed a downregulated expression in the MC tissues; and two spots, 938 and 1783, displayed upregulated expression in the MC tissues. Spot 1783 was expressed only in MC (P<0.05), which had an average relative protein content of 0.078 (Table III) . Fig. 2 shows that the size and dyeing shades of the corresponding differentially expressed protein spots in the gel images of the MC and normal tissues were different. The larger area or deeper staining spot suggests a large relative content that accounts for the total protein spots.
iii) Comparison between MC and MCCC tissues was carried out (Fig. 3 ). There were eight differentially expressed protein spots, in which six spots existed in the MC and MCCC tissues, and two protein spots were only expressed in the MCCC tissues; and these were spots 46 and 2204. Spot 295 displayed an upregulated expression in the MC tissues, and seven protein spots, namely spots 46, 328, 647, 820, 1457, 1925 and 2204, exhibited upregulated expression in the MCCC tissues. Two proteins were only expressed in the MCCC tissues, namely spots 46 and 2204 (P<0.05). Among these, average relative protein contents were 0.0778 and 0.278 (Table IV) .
Results of protein identification. Protein identification was performed through comparison between the peptide mass fingerprint spectrum of the protein spots and protein data in the nCBI-nr database using the software, Mascot. A total of 10 protein spots had matching scores >62 (protein identification results were the same in two groups, spots 46 and 1925 failed to be identified; Table V) .
Average relative protein content (% vol) -------------------------------------------------------
Discussion
In order to ensure the accuracy and reliability of the experiment and reduce system error, three repeats of gel electrophoresis were performed for each tissue sample; and the electronic average of the gel image was calculated. Strip length and pH range are important factors that affect the resolution of the 2-De map. In most current studies, pH 3-10 L solid phase adhesive strips were used for protein isolation (11) (12) (13) . Finally, 24-cm long non-linear IPg strips with pH that ranged from 3-10 were chosen for the present study, since the protein spots that these could display were clearer and independent, and the separation area was larger. Gel dyeing is important. Coomassie brilliant blue staining for proteins is relatively simple and easy to control, and its repeatability was higher than that of silver staining. Hence, Coomassie brilliant blue staining was used in the experiment. However, since it is the same with silver staining, decoloring is necessary before mass spectrum identification. In this experiment, a two-dimensional gel electrophoresis technique platform for the proteomic determination of MCCC, MC and normal tissues was established. This provides technical support for subsequent studies on comparative proteomics of MCCC (14).
Although we took various measures to improve the repeatability and resolution of the gel image, we realize that the 2-De experimental process is long and has many steps. Furthermore, many processes are needed in its manual operation, not to mention artificial errors and system errors. All these factors result in a high possibility of the occurrence of 'false-negative' or 'false-positive' differences in protein expression. For this experiment, to a certain extent, some differentially expressed protein spots may have been lost or some non-differentially expressed protein may have been mis-displayed in the gel images. These factors have been taken into account in the analysis of these results. Through bioinformatic analysis, eight proteins were finally identified in the present study; which were considered to be related proteins of MC and MCCC.
The identification of spots of differentially expressed proteins between MC and MCCC tissues, and between MC and normal colon tissues, revealed that there were differences in cytokeratins. The main functions of cytokeratins are maintaining cell shape, performing cell movement and resisting external mechanical stress (15, 16) . In the results of the experiment, it was found that the skeleton protein expression was downregulated in MC tissues and upregulated in MCCC tissues, such as KRT8 and KRT18. It was revealed by recent studies that KRT8 is associated with lung, breast, esophageal and colon cancer infiltration; and these are involved in the multi-drug resistance of colon cancer (17) (18) (19) . One study revealed that KRT8 may act as a potential receptor of plasminogen, and can activate plasmin through plasminogen activator located on the tumor cell surface. In addition, other studies revealed that the activation of plasminogen promoted tumor cell infiltration. These studies suggest that KRT8 may be involved in the progression of MC and MCCC, which may be used as a potential molecular marker for the diagnosis of MC and MCCC. The specific biological functions in MC and MCCC require further studies.
The identification of spots of differentially expressed proteins between MC and MCCC tissues, and between MC and normal colon tissues, revealed that there were differences in fibrinogen. A present study revealed that fibrinogen levels are abnormally increased in patients with gastric, lung and oral cancer, and many other malignant tumors (20) . Another study revealed that fibrinogen can cause an increase in fibroblast growth factor-2 (FgF-2) in prostate and lung cancer cells (21) , while FgF-2 is an important growth factor in normal tissues and tumor tissue proliferation, which is closely related to blood vessel hyperplasia in tumor growth. The formation of new blood vessels plays an important role in malignant tumor growth and metastasis. Fibrin in the extracellular matrix of cancer cells forms a stable scaffold, and plasmin promotes the dissolution of fibrin and causes the degradation of the matrix; promoting the spread of cancer cells in the process of angiogenesis (22) . This revealed that fibrinogen exhibits upregulated expression in MC and MCCC tissues. Therefore, fibrinogen may be associated with the growth of MC and MCCC, as well as in tumor metastasis.
The identification of spots of differentially expressed proteins between MC and MCCC tissues, and between MC and normal colon tissues, revealed that there were differences in hydrogen peroxidase [also known as catalase (CAT)]. It has been confirmed that increased levels of oxygen-free radicals and changes in antioxidant enzymes can lead to tumorigenesis. Furthermore, cancer patients usually also show oxidation-reduction imbalance in the body, and an interaction between the tumor and antioxidant system. Through comparison of the MCCC, MC and normal tissues, it was found that the CAT was significantly reduced in MCCC tissues. These findings suggest that the radical scavenging system in tumor tissues is damaged during tumorigenesis. In recent years, many scholars have studied the relationship between the CAT levels in tissues, body fluid, and the diagnosis and treatment of systemic tumors. It has been recognized that CAT can be used as a tumor marker for assisting diagnosis, treatment guidance and the prognosis of malignant tumors.
There were differences in the 26s proteasome between MC and normal colon tissues. In the cytoplasm and nucleus of the eukaryote, 26s proteasome is the core protease for protein degradation. Studies have found that ~80-90% of cell protein degradation occurs under the action of the proteasome. The results of the present study showed that 26s proteasome expression was decreased in the MC tissues, but was not found in the MCCC tissues. Therefore, studies on 26s proteasome can promote the understanding of normal or damaged protein degradation, cell cycle regulation, the expression of tumors and antigens, as well as the activation and degradation of transcription factors.
A difference was noted in tropomyosin (TPM) in the MC and MCCC tissues. In recent years, studies have revealed that TPM may abnormally be expressed in a variety of malignant tumors. This experimental study also revealed that TMP expression was significantly higher in MCCC tissues than that noted in the MC and normal tissues. Therefore, TPM may be involved in tumor metastasis. However, the specific signaling pathway involved in its biological function and proteins involved in its interactions require further in-depth studies.
A recent study found that in most tumors, carbonic anhydrase (CA) expression exists. Various tumor tissues have different CA isozyme expression levels (23) . The present study revealed that there was a difference in CA between MC and MCCC tissues. CA is involved in the occurrence and progression of most cancers; and its expression is closely related to the invasion and metastatic ability of cancer cells (24) . These enzymes that regulate pH balance appear to be able to regulate the behavior of tumor cells. The regulation of the expression level of CA1 proteins is one of the mechanisms of vegetable resisting colorectal cancer. High expression levels of CA1 protein exists in normal colorectal mucosa; but in most colorectal cancer tissues, no CA1 expression appears. In the present study, CA1 displayed a high expression in MC; and exhibited upregulated expression in the MCCC tissues. Therefore, expression of CA1 in colorectal cancer may suggest a good prognosis and extended overall survival rate. The expression of related carbonic anhydrase in cancers may inhibit the metastasis of cancer cells, and improve the prognosis of patients undergoing cancer surgery. Further studies regarding the relationship between tumor and carbonic anhydrase have important theoretical significance and clinical value in the exploration of tumor pathogenesis, the development of gene-targeted chemotherapy, and the improvement in anticancer effects. These may help in further understanding the mechanism of tumors, and help in achieving breakthroughs for tumor-targeted therapies.
A difference was observed in lamin A/C in the MC and MCCC tissues. Lamin A/C has many important physiological functions such as positioning of the nuclear pore complex, nuclear membrane protein binding, peripheral heterochromatin anchoring, gene replication, transcription and DnA damage repair, maintenance of chromosome structure and genome stability (25) . It is only a hypothesis that the affected site of laminopathies is selective. Furthermore, it has been hypothesized that lamin mutations can cause the dysfunction of adult stem cells, leading to abnormal cell differentiation. This may explain the different effects of lamin mutations in different tissues (26) . A recent study indicated that the expression of lamin is potentially associated with various types of cancers.
In the present study, using two proteomic methods (2-De technology and mass spectrometry analysis), eight proteins, which were differentially expressed in MC, MCCC and normal colon tissues, were identified. Further studies of the functions of these proteins may provide a new targeted molecular marker for the diagnosis and treatment of MC and MCCC, in order to achieve the purpose of early detection and effective treatment; and improve overall outcome. For the validation of related proteins and their specific functions, we will conduct further studies as the next step using PCR and immunohistochemical methods based on the present study.
